Objective: We assessed the primary causes of rhabdomyolysis, the factors associated with the development of acute renal failure (ARF), and the need for hemodialysis (HD) among a series of patients presenting to an urban emergency department with rhabdomyolysis. Methods: A chart review between January 1992 and December 1995 was conducted of patients aged 18 years or older with a diagnosis of rhabdomyolysis and an initial serum creatine phosphokinase greater than 1000 U/L. Patients were excluded if they had evidence of myocardial ischemia, cerebrovascular insufficiency, or the development of rhabdomyolysis after hospitalization. Demographic information, presumed causative factors, past medical history, medication usage, and laboratory data were collected. Results: Ninety-seven patients (93 men, 4 women) were enrolled, with a mean age of 35.7 years. The most common causes of rhabdomyolysis were cocaine (30), exercise (29), and immobilization (18). Seventeen of 97 (17.5%) patients developed ARF; 8 patients (8.25%) needed HD. Several clinical and laboratory factors were statistically associated with development of ARF and need for HD. The only variable that was predictive of both ARF and need for HD in separate multivariate regression models was the initial creatinine (Cr). Initial blood urea nitrogen also was predictive of the need for HD. No patient developed ARF with an initial Cr less than 1.7 mg/dL. Conclusion: Acute renal failure and need for HD are common complications of rhabdomyolysis. Except for initial serum Cr and blood urea nitrogen, clinical and laboratory factors were not reliable predictors for the development of ARF or need for HD. D
Introduction
Rhabdomyolysis results from injury to skeletal muscle and the resulting release of skeletal muscle contents into the systemic circulation. The etiologies of rhabdomyolysis may vary, but the outcome is the same: as membrane integrity is lost, intracellular sodium and calcium levels rise, resulting in cell break down and death [1, 2] . In turn, various intramuscular components, including creatine phosphokinase (CPK), are released into plasma. Clinically, an elevated level of CPK is the primary marker used to identify rhabdomyolysis. It is postulated that the breakdown products of myoglobin may have a directly toxic effect on the renal system [3] . This potentially leads to renal complications of rhabdomyolysis [4] . One of the first accounts to describe the clinical manifestations of rhabdomyolysis (the triad of muscle pain, weakness, and tea-colored urine) was in the German literature at the beginning of the 20th century [5] . A number of reports since have described the array of etiologic factors that can lead to the condition [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . These can be grouped into the following categories: intrinsic muscle insults/trauma, drugs/toxins, metabolic disorders, hypoxia/ischemia, thermal regulation disorders, and infection. Alcohol, drugs, infection, trauma, and seizures have been cited as the most common causes of rhabdomyolysis [6] . The first report to document the relationship between rhabdomyolysis and the complications of acute renal failure (ARF) and death was published during the London Blitz during World War II [24] . Since then, rhabdomyolysis has been reported to cause up to 7% of all cases of ARF [3] . The incidence of ARF as a result of rhabdomyolysis has been reported to range from 0% to 67% in various clinical settings [25] [26] [27] [28] [29] [30] , depending on the inciting cause. Furthermore, another study reported that in patients treated for ARF resulting from rhabdomyolysis, nearly 4% ultimately required hemodialysis (HD) [6] .
To date, there is a paucity of emergency department (ED)-based research specifically studying rhabdomyolysis and the factors on presentation to the ED that predict subsequent development of ARF or need for HD [15, 16] . The purpose of this study was to identify the major causes of rhabdomyolysis in patients presenting to an ED setting and to identify the factors that were most predictive of ARF and need for HD in these patients.
Methods
We conducted a retrospective chart review of ED and inpatient medical records between January 1992 and December 1995 at a university teaching hospital in New York City. The annual number of adult ED patient visits is approximately 90 000 per year. Data were collected by one of the authors and annotated onto a standardized data entry sheet. This information was later entered into a computerized database in which no patient identifiers were used. Patients were included in the study if they were aged 18 years or older, had a discharge diagnosis of rhabdomyolysis (ICD-9 code 728.89), and had an initial CPK level drawn in the ED of greater than 1000 U/L. This cutoff was used because it is the degree of CPK elevation that generally indicates a clinically meaningful degree of rhabdomyolysis [28] . Acute renal failure was defined as an acute loss of renal function with a persistent elevation of creatinine (Cr) of greater than or equal to 2.5 mg/dL, which did not improve with hydration [28] . This definition was to distinguish ARF patients from those with chronic renal insufficiency, as well as those suffering from prerenal azotemia. Patients were excluded if there was evidence of myocardial infarction, cerebrovascular accident, or if rhabdomyolysis developed after admission to the hospital as a result of a coexisting condition or iatrogenic complication.
Information about factors that were potentially causative for rhabdomyolysis or predictive for progression to ARF was abstracted from the medical records of patients meeting inclusion criteria for this study. Data were collected on demographic characteristics, past medical history (hypertension, diabetes, history of renal insufficiency, HIV/AIDS), medication use, recent physical exertion, recent trauma (crush injury, motor vehicle collision, fall, assault, burn), seizure, immobilization, dehydration, viral/bacterial illness, metabolic derangements (diabetic/alcoholic ketoacidosis), hyper-or hypothermia, or illicit drug use. The presenting signs and symptoms of patients were recorded, including presence of localized pain, history of dark urine, or neurological findings such as weakness or altered mental status. The presence of hyper-or hypotension on the initial triage report (defined as systolic blood pressure more than 150 or less than 90, respectively) was collected.
We used a standard statistical software package (The SAS System for Windows, Version 8) to analyze our data. To identify individual correlates of ARF and need for HD, we carried out v 2 analysis on sociodemographic variables and Student t testing on the mean scores of laboratory data. For the multivariate logistic regression analyses, we identified a set of factors a priori that we thought were likely predictors of the 2 main study outcomes. A final model predicting renal failure was generated using the backward stepwise elimination technique. Overall, we sought to identify the association between patients' clinical and laboratory findings, and the endpoints of ARF and need for HD, while controlling for relevant demographic variables. An institutional review board approved this project.
Results
The authors reviewed 166 medical records of patients discharged during the period of January 1992 to December 1995 for possible enrollment into the study. Eighty-six patients' charts were excluded (37 had CPK levels less than 1000 U/L; 19 had rhabdomyolysis develop only after admission as a result of another disorder; 9 cases of rhabdomyolysis occurred in patients younger than 18 years; and 4 were mistakenly assigned an ICD-9 code of 728.89). The remaining 97 patients' charts were included into the study. The mean initial CPK for the sample was 31 886; the mean peak CPK was 43 578. Demographic characteristics of the sample are presented in Table 1 . The mean age of patients was 35.7 years. Nearly 75% were minorities, whereas almost all patients in this sample were men. Emergency department treatment for all patients included intravenous hydration and sodium bicarbonate infusion. Table 2 summarizes the major causes of rhabdomyolysis of patients in this study. The most common causes of rhabdomyolysis in this sample were cocaine (n = 30), exercise (n = 29), and immobilization (n = 18). Direct traumatic injury, seizure, and ethanol withdrawal each had caused 4 cases. Seventeen (17.53%) patients in this series developed ARF, as defined by a persistent elevation in Cr greater than 2.5 mg/dL. Eight (8.25%) of these patients required HD. Two deaths occurred in this sample: in one man (in ARF) died because of prolonged immobilization, and another man (not in ARF) because of cocaine. Table 3 shows bivariate relations between the demographic data and the development of ARF and HD. There was no difference noted between patients who developed renal failure and those who did not with respect to age, sex, presumptive cause of rhabdomyolysis, prisoner status, history of renal disease, history of hypertension, history of diabetes, history of HIV status, history of psychiatric disorder, history of dark urine, or history of leg pain. There were differences between patients who required HD and those who did not in the history of renal disease, as well as history of hypertension. Additionally, there was no difference between patients who developed ARF and those who did not in urine pH, specific gravity, initial serum potassium, initial CPK level, or peak CPK level. However, patients who developed ARF differed from those who did not in serum bicarbonate (CO2) (17.25 vs 24, P b .0001), blood urea nitrogen (BUN) (63.47 vs 19.37, P = .0027), calcium (7.98 vs 9.33, P = .0065), initial Cr (5.78 vs 1.31, P b .0001), and evidence of blood on urine dipstick (+2.5 vs +1.79, P = .0016). Patients who required HD differed from those who did not in CO2 (16.79 vs 23.37, P = .0006), BUN (66.5 vs 23.56, P = .034), initial Cr (6.86 vs 1.66, P = .0037), and evidence of blood on urine dipstick (+2.88 vs +1.83, P = .0042). All patients in this series that developed ARF or required HD had an abnormal initial serum Cr level (z1.7 mg/dL) on presentation to the ED. Table 4 depicts the separate regression models showing various explanatory variables that attempt to predict the 2 outcome variables. Only the initial Cr level was a significant predictor of ARF ( P = .0076) in a multivariable linear regression model using backward stepwise elimination. In another regression model, the significant predictors for the need for HD were initial Cr level ( P = .0085) and BUN ( P = .027).
To show a graphic comparison of the sensitivities and specificities at various levels for each laboratory tests, receiver operator characteristic curves of initial BUN, CO2, and serum Cr levels for predicting ARF were created. They are illustrated in Fig. 1 . Overall, the best curve was for serum Cr, with the highest specificity and lowest false positive rate at a value of 1.7 mg/dL.
Discussion
Previous research has explored the frequency of ARF among patients with rhabdomyolysis in clinical settings. The prevalence of ARF varies widely depending on the inciting event [6, [25] [26] [27] [28] [29] . The need for HD as a consequence of rhabdomyolysis, although not generally used as an endpoint, has been reported in one study as less than 4% [6] . The major diagnostic entities that are reported to lead to rhabdomyolysis include trauma, immobilization, alcohol, drugs, and excessive exercise. In our study of ED patients identified with rhabdomyolysis, the main causative factors were cocaine abuse, exercise, and immobilization. Seventeen (17.5%) of these patients developed ARF. Of these, 8 (8.25%) patients went on to require HD-3 because of cocaine abuse, 2 from prolonged immobilization, 1 because of physical exercise, 1 from prolonged seizures, and 1 from severe trauma. One of the 2 deaths in this series was in a patient with prolonged immobilization that had developed ARF. A patient who did not have ARF died from other complications relating to cocaine overdose.
In one study on rhabdomyolysis [28] , whereas a history of renal disease was not associated with ARF, there was an association between hypertension and ARF. However, in a final regression model, hypertension was not predictive of ARF [28] . The data from our study support those conclusions. In our study, having a history of either hypertension or of renal disease were not predictive of development of either ARF or HD in a final multivariate logistic regression model.
In previous studies on cocaine-intoxicated patients, the prevalence of ARF as a consequence of rhabdomyolysis has been reported as 24% to 33% [31, 32] . Cocaine is suggested to cause ARF by either of 2 processes: vasoconstriction of renal vessels or from the effects of rhabdomyolysis [33, 34] . In our series, 20% of the cocaine abusers with rhabdomyolysis developed ARF, whereas 10% required HD. One patient in our series died from cocaine overdose, although he was not in ARF.
In a series of 35 inmates from Riker's Island with exercise-induced rhabdomyolysis, none developed ARF [29] . In this bpureQ form of rhabdomyolysis, it was suggested that ARF does not develop in the absence of metabolic acidosis or hypovolemia. In our study, there were 38 prisoners who developed rhabdomyolysis, of whom 9 were recently arrested by the New York Police Department (NYPD), whereas 29 were New York City Department of Corrections inmates at Riker's Island during the study period. Of the 29 Riker's Island inmates brought to our facility with rhabdomyolysis, 28 were from excessive exercise, and 1 was from trauma. Of the NYPD arrestees that had rhabdomyolysis, 5 were because of cocaine, 2 were because of trauma, and the rest were because of other factors. Overall, 5 prisoners developed ARF: 4 Riker's Island inmates and 1 NYPD arrestee. Of these, only one had evidence of systemic acidosis, whereas the rest had no evidence of either metabolic acidosis or hypovolemia. Five prisoners developed ARF: 3 Riker's inmates from excessive exercise, 1 inmate from trauma, and an NYPD arrestee also from trauma. Finally, 2 prisoners required HD: 1 Riker's inmate with exercise-induced rhabdomyolysis and 1 NYPD arrestee with trauma-induced rhabdomyolysis.
Several laboratory values were tested to determine a potential association with development of ARF and need for HD. In our study, the initial Cr level, bicarbonate, BUN, and urine dipstick for blood had a significant association with both ARF and need for HD in bivariate analyses. The calcium level was shown to be associated with development of ARF, but not needed for HD. In the study by Gabow et al [6] , the peak Cr level, peak potassium level, peak phosphorous level, peak uric acid levels, and trough calcium level were statistically different between those who did and did not develop ARF. Muckart et al [35] , in a study of 64 cases of traumatic rhabdomyolysis, sought to predict ARF using the presence of myoglobin in the urine in addition to venous bicarbonate concentration.
In our study, only the initial Cr level was predictive on 2 separate multivariate logistic regression models predicting ARF and need for HD. In fact, no patients presenting with an initial Cr of less than 1.7 mg/dL developed ARF. In addition, BUN was predictive of the need for HD. In contrast, Ward [28] reported that although serum Cr and BUN levels were not predictive, elevated levels of serum CPK, serum potassium, serum phosphorous levels, history on presentation of dehydration, or of sepsis were predictive of ARF in a multivariate logistic regression model. Similarly, a prediction formula [R = 0.7 (potassium) + 1.1 (creatine) + 0.6 (albumin) À 6.6] developed by Gabow et al [6] was used to distinguish those at low risk for ARF from those at high risk for ARF. In that study, scores of less than 0.1 were associated with a zero prevalence of ARF, whereas those with R scores of greater than or equal to 0.1 had a 41% prevalence of ARF. As mentioned earlier, Muckart et al [35] sought to predict ARF using venous bicarbonate concentration and urine myoglobin. Unfortunately, not enough patients had serum phosphorous, serum albumin, or urine myoglobin levels collected in our study to warrant using these prediction models.
It has been postulated that serum Cr can spuriously be elevated early in the course of rhabdomyolysis because of leakage of preformed Cr from injured striated muscle [3, 6] . It is thought that this is because of the high concentration of Cr within myocytes, which is several times that of serum [3] . This early rise in Cr levels in the initial phase of clinical rhabdomyolysis generally resolves in hours after hydration. In our study, we found that no patient with an abnormal Cr level had rapid improvement with hydration. In lieu of having baseline renal function testing in advance of ED presentation, an abnormal initial Cr level seemed to predict ARF and need for HD among our series of patients with rhabdomyolysis.
Limitations and future directions
There were important limitations in this project. The study design was a retrospective chart review. It was not our aim in this chart review to evaluate specific treatment modalities. Furthermore, it was not possible to extract the requisite information to estimate the Cr clearance from the chart, nor the exact time interval between initial insult to presentation to the ED. Because the medical records from which these data were abstracted were intended to support patient care and not clinical investigation activities, some charts did not contain information that would have contributed to this study (eg, serum phosphorous level and number of ampules given of sodium bicarbonate). Another issue is that a few charts were incorrectly coded as having a diagnosis of rhabdomyolysis. The bfalse positiveQ coding, although a rare occurrence, suggests that there could have been some bfalse negativeQ charts that were not included for analysis in this series, which would have created a source of information bias. In addition, by setting our search criteria using CPK greater than 1000 U/L, we may have potentially missed many cases of rhabdomyolysis. However, we suspect that these cases are likely clinically insignificant for causing major complications such as ARF or need for HD. Another problem with generalizability was that almost all the patients assessed during the study period were male, many of which were minorities, which limits the generalizability of our results. The public hospital where this study was conducted has a locked prison ward and is a receiving facility for male prisoners from Riker's Island. Female inmates are sent to an alternate hospital facility. This probably accounts for much of the overrepresentation of men in our sample.
Regardless of how well a model can predict ARF and need for HD in patients admitted from the ED, one cannot definitively judge which patients are truly at low risk for complications on the basis of a single retrospective study. We therefore suggest that further prospective investigation be done to determine which subset of patients with rhabdomyolysis, after being given a standardized treatment (intravenous hydration, sodium bicarbonate, etc), can be safely discharged from the ED.
Conclusion
In a study of patients presenting with rhabdomyolysis to an urban ED setting, the main causes were cocaine abuse, exercise, and immobilization. A substantial proportion of patients with rhabdomyolysis developed the complications of ARF and required HD. We found that despite etiology or peak level of CPK, no patient developed ARF with an initial Cr less than 1.7. Except for initial serum Cr and BUN, clinical and laboratory factors were not reliable predictors for the development of ARF or need for HD in this case series.
